The evolution of the Fermi surface of CeRh1−xCoxIn5 was studied as a function of Co concentration x via measurements of the de Haas-van Alphen effect. By measuring the angular dependence of quantum oscillation frequencies, we identify a Fermi surface sheet with f -electron character which undergoes an abrupt change in topology as x is varied. Surprisingly, this reconstruction does not occur at the quantum critical concentration xc, where antiferromagnetism is suppressed to T = 0. Instead we establish that this sudden change occurs well below xc, at the concentration x ≃ 0.4 where long range magnetic order alters its character and superconductivity appears. Across all concentrations, the cyclotron effective mass of this sheet does not diverge, suggesting that critical behavior is not exhibited equally on all parts of the Fermi surface.
The complex relationship between magnetism and superconductivity in heavy-fermion compounds continues to inspire much experimental and theoretical interest. A key question involves the evolution of the electronic ground state as one tunes from a magnetically ordered state to one in which long range order vanishes. In rare earth compounds, the character of the 4f electrons is intimately linked to this question, being dictated by the competition between long range Ruderman-Kittel-KasuyaYosida interactions and Kondo screening [1] . Varying the magnetic exchange constant J can tune such a system between ground states in which the 4f electrons behave very differently -an antiferromagnetic (AFM) state where they are localized and magnetically coupled via the conduction electrons, and a paramagnetic ground state where the 4f moments are subsumed into the conduction electron sea. The character of the 4f electrons has direct consequences for the electronic structure, and hence the size and shape of the Fermi surface (FS) [2] .
In recent years the CeTIn 5 (T: Co, Rh, Ir) family has emerged as a fertile testing ground for these ideas, as Ce is a well known Kondo ion and J may be varied in a controlled manner. An extremely rich phase diagram is found by changing T between Co, Rh or Ir: CeCoIn 5 and CeIrIn 5 are ambient-pressure heavy-fermion superconductors with T c = 2.3 K and 0.4 K, respectively, while CeRhIn 5 possesses AFM order below T N = 3.8 K [3, 4, 5] . Alloying between these compounds [6, 7] , and/or applying pressure [5, 8, 10] , allows for tuning between AFM and superconducting (SC) ground states in a continuous manner. In particular, the application of pressure to CeRhIn 5 acts to suppress T N toward a quantum critical point (QCP) at a critical pressure P c = 2.35 GPa, where a superconducting phase thought to resemble the ambient-pressure state in CeCoIn 5 surrounds the QCP [5] . The evolution of the FS in CeRhIn 5 through this pressure range was recently investigated by studying the de Haas-van Alphen (dHvA) effect [11] , which revealed a dramatic FS reconstruction at P c , accompanied by the divergence of the cyclotron mass m * on several FS sheets. This abrupt FS change was interpreted as the hallmark of a transition from localized to delocalized 4f electron states. The same conclusion was reached in a similar study on CeIn 3 , a related compound with T N = 10 K [12] , although this interpretation has been the subject of some debate [13] .
In this Letter, we present a dHvA study of the electronic structure of CeRh 1−x Co x In 5 as a function of Co concentration x across the QCP separating the AFM and nonmagnetic phases. Near the critical concentration x c , where T N → 0, we find no evidence of reconstruction of the observable quasi-2D FS sheet nor any substantial mass enhancement, suggesting that the critical behavior in the CeTIn 5 system may be sheet-dependent. Instead, we find a change in FS character to occur away from the critical concentration, coincident with a sharp suppression of the superconducting transition temperature and a concomitant change in the magnetic structure.
Previous dHvA studies of CeRhIn 5 (x = 0) [11, 14, 15] and CeCoIn 5 (x = 1) [16] have established the FS of both compounds to have a common geometry consisting of: (1) a heavy quasi-2D cylindrical sheet giving rise to orbits labeled α i , (2) a heavy and more complex quasi-2D sheet with orbits β i , and (3) several small, light pockets with corresponding low-frequency orbits [16] . Band structure calculations [17] compare well with these observations if the Ce 4f electrons are treated as localized in CeRhIn 5 and itinerant in CeCoIn 5 , a picture further supported by comparisons to the non-f -electron analogue LaRhIn 5 [14, 18] .
Our dHvA studies were performed using high-quality, flux-grown single crystals of CeRh 1−x Co x In 5 [8] . Studies of the x-evolution of lattice parameters, resistivity ρ(T ), the electronic specific heat C/T and a-and c-axis DC magnetic susceptibility χ(T ) match the nominal concentrations of these samples with those of previous work [8, 9] . Samples with x < 0.4 show signatures only of T N , while samples with 0.4 < x < 0.7 show a coexistence of superconductivity and antiferromagnetism. At higher concentrations, with x > 0.7, only T c is observed. A typical set of data is shown for x = 0.5 in Fig. 1 , with T N and T c clearly identified by features in both ρ(T ) and C/T . The observation of dHvA signals from all samples studied suggests that inhomogeneities arising from chemical substitution are small [19] .
Quantum oscillation measurements were carried out to temperatures as low as 10 mK using a second harmonic field modulation technique [20] . We observed oscillations in the field range 14-18 T, and a typical data set is shown in the top inset of Fig. 2 . This data is Fouriertransformed to obtain the dHvA frequency F (Fig. 2,  main panel) , a direct measure of the cross-sectional FS area perpendicular to the applied field. The cyclotron effective mass m * is extracted from the temperature dependence of the dHvA amplitude by performing a weighted fit of the data with the standard Lifshitz-Kosevich formula [20] , as shown in the bottom inset of Fig. 2 . Amplitude uncertainty values are estimated via an average of the integrated background signal for each trace.
While the introduction of disorder from Rh-Co alloying unavoidably suppresses dHvA amplitudes, direct comparison of oscillation spectra observed at six different x concentrations to those of the end-member compounds makes it possible to extract meaningful FS information throughout the CeRh 1−x Co x In 5 phase diagram. In particular, we focus on the rotational dependence of the ob- Fig. 4) . The angular dependence of the observed dHvA frequencies of the x = 0.37 and x = 0.40 samples, represented by cross and plus symbols, exhibit excellent agreement with the CeRhIn 5 reference data [21] as shown in the top panel. This is particularly true of the F (0) = 6.2 kT frequency which follows the β 2 orbit of CeRhIn 5 (and also that of LaRhIn 5 ) [14] . In contrast, the samples with x ≥ 0.5 match only the CeCoIn 5 reference data, as shown in the lower panel of Fig. 3 . In these samples F (θ) follows the exact angular dependence of the α 3 orbit of CeCoIn 5 [16] , starting at F (0) = 4.5 kT and increasing as θ is increased. Hence, it appears that the band structure of CeRh 1−x Co x In 5 exhibits a change from 'Rh-like' to 'Co-like' just above x = 0.40, deep in the AFM phase and significantly below the critical concentration x c . This is surprising, since the x = 0.50 sample possesses an AFM ground state (i.e., it lies below x c ), yet the characteristics of its α FS sheet are exactly the same as x = 0.85 and pure CeCoIn 5 . In fact, as shown in Fig. 4a) , the observed heavy α 3 orbit seen in all Co-like samples (i.e., x > 0.40) does not show any significant change in F , and hence its cross-sectional [14] , and CeCoIn5 (x = 1) in the bottom panel [16] (the size of the reference data symbols is normalized to indicate the intensity of a particular orbit in the dHvA spectrum). For all samples we rotate B from [001] (θ = 0) into the [100] direction. The graphic in the lower panel identifies the observed orbits on the two heavy Fermi surface sheets (adapted from Ref. [11] ).
area, as a function of substitution through x c . This observation lies in contrast to the expectation of an abrupt FS change at a QCP involving a delocalization of f -electron states, and is more consistent with a quantum critical spin-density wave scenario where the FS is gradually transformed in a manner determined by the q vector of magnetic fluctuations [2] . However, what's puzzling is that this evolution is empirically different from that obtained in the analogous pressure-tuned system of CeRhIn 5 , which indeed exhibits a sudden jump in both α and β orbits at the critical pressure P c = 2.35 GPa [14] , where T N → 0 [10] . This is intriguing, since pre- and the effective mass evolution, respectively, of the α3 orbit in CeRh1−xCoxIn5 as compared to the end members CeRhIn5 [14] and CeCoIn5 [16] (open symbols), showing minimal change through the antiferromagnetic QCP near xc ≈ 0.80 (lines are guides to the eye). Panel (c) maps superconducting (circles) and antiferromagnetic (squares) phase transitions deduced from susceptibility and heat capacity measurements [8, 22] , with "ICAF" and "CAF" denoting incommensurate and commensurate AFM phases, respectively, deduced from neutron scattering [26, 27] . The pressure evolution of Tc (dash-dotted line) and position of the pressureinduced QCP (dotted line) from Ref. [23] are shown for comparison. The pressure axis is linearly scaled to match the concentration and pressure values where TN = Tc (i.e., at x ≃ 0.75 and P = 1.85 GPa) [23] .
vious studies have established strong parallels between alloy-and pressure-tuning of these systems [8] . In particular, a dramatic increase in the electronic specific heat coefficient centered at x c suggests an enhancement of m * at the AFM QCP, which matches the strong enhancement of cyclotron masses observed at P c for both the α and β sheets in CeRhIn 5 [11] . (In CeRh 1−x Co x In 5 , the equivalent critical concentration x c where T N → 0 is around x ≈ 0.8, as shown by the dotted line in Fig. 4 .) As presented in Fig. 4b ), our data reveal no attendant divergence of m * for orbits on the α sheet in this concentration range, despite measuring samples quite close to x c . Taken together with thermodynamic measurements [8] , this suggests that critical behaviour may not exist on all sheets equally, indicative of a sheet-or band-dependent divergence in the density of states possibly limited to the β FS in the CeRh 1−x Co x In 5 series.
A second distinction between alloy-and pressuretuning in this system is found in the evolution of T c , which differs in each case. In CeRhIn 5 , T c evolves smoothly with increasing pressure from 100 mK at ambient pressure [22] up to 2 K at P = 1.85 GPa (where T N ≃ T c ) [23] , with no observed change in FS [14] . In contrast, superconductivity does not appear [24] upon Co substitution until above x ≃ 0.40, where it abruptly jumps to T c ≃ 1.5 K [8] . The fact that a significant change in the FS topology of CeRh 1−x Co x In 5 occurs near this concentration (c.f. Fig. 3) , where superconductivity is strongly enhanced, is provocative. Theoretical work [25] has suggested that magnetically mediated spinsinglet superconductivity strongly favors commensurate AFM order. The CeRh 1−x Co x In 5 system appears to support this idea, since the abrupt onset of T c coincides precisely with a first-order transition between incommensurate ([ [26, 27] . Furthermore, recent neutron scattering measurements of CeCoIn 5 have demonstrated a strong coupling between commensurate magnetic fluctuations and superconductivity [28] , which is to be contrasted with the case of CeRhIn 5 where incommensurate AFM ordering [29] and superconductivity appear to compete through their entire coexistent pressure range [22, 23] .
Our observation of a FS reconstruction away from the QCP in CeRh 1−x Co x In 5 , coupled with the lack of evidence for a diverging m * on one heavy FS sheet presents an interesting challenge for leading theories of quantum criticality [2] . Given the striking similarity of the phase diagram of CeRh 1−x Co x In 5 to that predicted by recent studies of the Kondo lattice model [30, 31] , it is tempting to associate the FS change at x ≃ 0.40 with a Lifshitztype transition between AFM states. The fact that the FS reconstruction is coincident with a change in the character of magnetic order also suggests that the magnetism may have some itinerant character [32] , whereby a nesting scenario [27] with a gap opening in the presence of incommensurate ordering may indeed match experimental observations. While the relationship between superconductivity and the AFM criticality in both pressure-and concentration-tuned CeRhIn 5 remains to be determined, the knowledge of the evolution of both the electronic and the magnetic structures contributes significantly to the understanding of the quantum critical behaviour in these two systems.
In summary, quantum oscillation measurements across the concentration-tuned phase diagram of CeRh 1−x Co x In 5 have uncovered an abrupt change in the Fermi surface that is coincident with a transition between ordered antiferromagnetic phases, occurring well below the quantum critical concentration separating antiferromagnetic and paramagnetic ground states. The lack of any change of the shape or effective mass associated with the α Fermi surface sheet through this concentration suggests that critical behaviour may not exist on all sheets equally.
